Background: Hypertension is one of the most common risk factors for cardiovascular diseases (CVDs), yet not much effort is being invested in early diagnosis and control of the condition in susceptible children. The aim of this study was to investigate the prevalence of pre-hypertension and hypertension in peri-urban school-attending adolescents and explore the relationship between blood pressure and selected anthropometric measurements.
INTRODUCTION
Recent reports show a high prevalence of obesity in the paediatric population in both industrialized and developing countries particularly in countries undergoing a rapid epidemiological transition (1) (2) (3) . Rapidly changing lifestyle and dietary patterns have led to increased prevalence of obesity in children/adolescents in developing countries. Recent reports showed the prevalence of obesity among adolescents in some developing countries to be very high: 41% in Mexico, 22% in Brazil and India, over 19% in Argentina, and 25% in South Africa (4) (5) (6) . According to Gupta et al. (4) , important determinants of childhood and adolescent obesity include living in metropolitan cities, female gender, increased academic stress, and ready availability of fast foods. Until recently, cardiometabolic diseases were reported mostly in adults and considered to be of adult-onset. However, with the overweight and obesity epidemic also affecting children and adolescents, the incidence of these diseases has increased remarkably to the point of raising public health concern.
Several studies have reported an increased co-existence of obesity with primary hypertension, insulin resistance and hyperlipidemia in adolescents (7) (8) (9) . Besides diabetes, the prevalence of high blood pressure is steadily on the rise in developing countries in both urban and rural communities (10) . Importantly, research findings indicate an increase in the incidence of hypertension among children and adolescents (11) (12) (13) .
The prevalence of hypertension in adolescents is generally underestimated as adult cut-off points for blood pressure instead of percentiles for height, age and sex are used. Unfortunately, the idea that hypertension is an adult-onset disease has often caused this population to be excluded from blood pressure screening exercises though elevated blood pressure in children has the same sequels as in adults and may result in target organ damage. Hypertensive children have been diagnosed with increased carotid intima-media thickness, higher prevalence of left ventricular hypertrophy and eccentric left ventricular geometry -a condition associated with increased mortality in adults (14) .
The prevalence of high blood pressure in the paediatric population of industrialized countries is between 7 and 19% (15, 16) . Reports from some developing countries show that over 5% of school children in India (17) have hypertension while 9.8% of primary school children in Sudan have either pre-hypertension or hypertension (18) . Kemp et al. (19) reported 8.5% and 24.9% prevalence of pre-hypertension and hypertension, respectively, among South African grade 1 learners. These reports highlight the importance of investigating and addressing the causes of raised blood pressure in children for the prevention of both early and adult-onset cardiovascular diseases (CVDs).
Given the high burden of disease as well as the high patient to physician ratio in most developing countries, hypertension in children in these countries often goes undiagnosed. Another reason for the low diagnosis rate is the misconception that hypertension is only an adult-onset condition. Importantly the expression of blood pressure as percentile for height, age and sex is a time consuming procedure for the already overworked physicians in developing countries.
Having highlighted the importance of childhood blood pressure status in determining the risk of cardiovascular diseases in adult life, the aim of the current study was to determine the prevalence of hypertension and pre-hypertension in a peri-urban adolescent population living in Mthatha -South Africa and to determine whether blood pressure is associated with selected anthropometric measurements.
MATERIALS AND METHODS
A cross-sectional cohort study was conducted in high schools within 10 km radius of Mthatha CBD. Mthatha is a peri-urban town of the former Transkei in South Africa. It is surrounded by cattle breeding rural communities which depend on it for supplies. Participants were high school adolescents aged 13-17 years, males and females. Female participants were not pregnant nor breastfeeding. Parental consent was obtained for all participants. Ethical clearance for this study was obtained from the Walter Sisulu University Health Sciences Committee (protocol number 014/009). All measurements were performed after an overnight fast on respective school premises. All participants were requested to fill in a demographic sheet after which the following data were collected.
Waist and Hip Circumference Measurement
The WHO STEPS protocol was used to measure both waist and hip circumferences. Briefly, participants stood with arms at the side, feet positioned close together and body weight evenly distributed across both feet (20) . A non-stretchable tape was placed snugly but not pulled tightly around the waist or hip. Waist circumference (WC) was measured around the smallest circumference of the waist for all participants while ensuring that the tape was horizontal across the back and front. Hip circumference (HC) on the other hand, was measured around the maximum circumference of the buttocks ensuring that the tape was horizontal across the back and front. Measurements were recorded to the nearest cm.
Height, Weight and BMI Measurements
Height was measured in all participants without shoes to the nearest 0.1 cm using a stadiometer. The Omron (Body Composition Monitor BF511) designed to measure body composition in persons aged 8-80 years was used to measure weight and determine BMI. The equipment was calibrated to each participant's specific information such as height, age and sex. Obtained BMI was converted to percentiles using the Centre for Disease Control BMI percentile charts for girls and boys.
Blood Pressure Measurement
Blood pressure (BP) was measured after participants had been sitting for 5 minutes using arm circumference appropriate cuff sizes. A calibrated MicroLife automated blood pressure machine was used to measure BP once and then three times for an average value which was used for analyses. Blood pressure was measured in the right arm for all participants. Obtained BPs were converted to percentiles for height, age and sex and used for classifying participants as normotensive, pre-hypertensive or hypertensive.
Data Analyses
Descriptive statistics were computed for sex, all anthropometric measurements and BP using GraphPad Instat®. Chi-squared analysis was used to test association and correlations between both systolic and diastolic BP and anthropometric data. Results were expressed as mean ± SEM. P values < 0.05 were considered significant. Pearson's correlation coefficients were obtained from linear regression analysis of the relationship between BP and anthropometric data.
RESULTS

Characteristics of Participants
Complete anthropometric data and BP were obtained for 388 of 392 participants. Many more females than males participated in the study. The average age for both sexes was similar though males were taller than females and females heavier than males. Females also had significantly higher BMI, WC and HC than males. Males had significantly higher waist-to-hip ratio (WHR) compared to females though females had significantly higher waist circumference-to-height ratio (WHtR) ( Table 1) . Mean diastolic blood pressure (MDBP) however was similar between males and females while mean systolic blood pressure (MSBP) was significantly higher only in males.
Prevalence of Overweight and Obesity
The prevalence of obesity defined as BMI percentile > 95th percentile for age and sex, was 10.2% and 24.8% in males and females, respectively. Separation of learners by their WHtR showed that 91.5% males compared to 51.6% females had normal healthy weight while just over 5% and 17% males and females were obese, respectively (Table 2) . WHtR greatly underestimated the prevalence of obesity compared to prevalence values obtained using BMI percentiles.
Prevalence of Pre-hypertension and Hypertension
The prevalence of hypertension (SBP and DBP ≥ 95th percentile for height, age and sex) and pre-hypertension (SBP or DBP > 90 < 95th percentile for height, age and sex or SBP/DBP ≥ 120/80 mmHg even if percentiles are lower than 90th percentile) in the whole study cohort was 21.2% and 12.3%, respectively. Hypertension and pre-hypertension were diagnosed in 22.0% and 13.6% males and in 20.9% and 11.7% females, respectively (Table 3) .
Using BMI percentiles and WHtR to classify participants, the prevalence of hypertension and pre-hypertension was highest in overweight and obese learners. However the prevalence was higher when the WHtR was used to separate lean from overweight and obese learners compare to the classification using BMI.
Effect of Selected Anthropometric Parameters on Blood Pressure
Higher BMI, WC and WHtR conferred significantly higher BP in sex-specific groups. Obese and overweight males had significantly higher MSBP/MDBP compared to lean males (125 ± 1/75 ± 1 vs 120 ± 1/71 ± 1; p < 0.05). On the other hand BP in lean males was similar to that of overweight/obese females which was in turn higher than that of lean females. Male adolescents with WC > 75th percentile for age and sex had significantly higher MSBP/MDBP compared to all other groups. Waist circumferenceto-height ratios greater than 49% for females and 53% for males were associated with significantly higher BP compared to male and female learners who had lower WHtR. However, males with higher WHtR had significantly higher MSBP/MDBP compared to all other study groups (Table 4 ). In the female cohort, prehypertension and hypertension were associated with significantly higher BMI (26.3 ± 0.6 vs 25.1 ± 0.4, p = 0.04) and HC (102.5 ± 1.6 vs 99.6 ± 0.8, p = 0.05) but not WC. The prevalence of hypertension and pre-hypertension was higher in overweight and obese learners compared to lean participants. The relative risk of having pre-hypertension or hypertension associated with overweight and obesity was 1.57, 95% CI 1.194-2.087, p = 0.0017.
Correlations between Blood Pressure and Anthropometric Variables
Mean SBP correlated positively and significantly with BMI, WC and WHtR in both males and females though there was a weak negative correlation between MSBP and HC in males. On the other hand MDBP correlated only weakly with WC, HC and WHtR in both males and females (Table 5) .
DISCUSSION
This cross sectional study explored the relationship between various measures of body size and BP (MSBP and MDBP) in
Male participants
Female participants MSBP/MDBP 127 ± 3*/74 ± 2* 120 ± 1*/73 ± 1* Table 4 . Effects of BMI, waist circumference and waist circumference-to-height ratio on blood pressures WC = waist circumference; WHtR cut-off points are 49% for males and 53% for females; MSBP = mean systolic blood pressure; MDBP = mean diastolic blood pressure; * p < 0.05. Table 5 .
Whole group
Correlations between MSBP/MDBP with WC, HC and WHtR
rural African communities it is desirable for a female to be overweight or obese which is an indication of family fortune (21) , consequently this cultural acceptance of bigger body size may play a role in this finding. Importantly, Pate et al. (22) (23) showed that as girls progress in puberty, they tend to be less physically active and prefer indoor activities. This trend explains why girls may be physically bigger in this phase of their development compared to boys of similar age. Several studies on the other hand have shown a general trend towards greater BMI in all populations and across social classes (24, 25) . South Africa, like most developing countries is undergoing a rapid transition which seems to be linked to the high prevalence of obesity and associated diseases (26) . Mthatha is a peri-urban community which is undergoing rapid transformation resulting in a change in lifestyle and feeding habits. Indeed, the availability of fast foods in this town is almost equal to any city around the country. Consequently, adolescents are exposed to low nutrient energy dense foods which coupled with very few opportunities for physical activity create a favourable environment for development of obesity. Importantly, the prevalence of obesity in adolescents in Mthatha is comparable to the results of Kimani-Murage et al. (6) who showed a prevalence of 20-25% in older rural South African adolescents. The effects of increased BMI on blood pressure were noted in both females and males indicating that beside the protective effects of estrogen in female adolescents, overweight/obesity tended to favour higher blood pressures. Our results confirm the findings of Erlingsdottir et al. (27) , who showed an association between overweight/obesity and higher blood pressure. The mechanism whereby overweight/obesity may lead to higher blood pressure seems to be due to enhanced adipocyte secretion of adipokines and pro-inflammatory cytokines which may disrupt normal physiological function leading to increased blood pressure (27) .
Although higher BMI has been associated with higher blood pressures, several studies are beginning to show that elevated blood pressure may correlate better with WC and WHtR (29) (30) (31) (32) . The current study showed that boys generally had lower WHtR compared to girls. Higher WHtR ratios were associated with higher MSBP and MDBP in both boys and girls though it was significant in the boys only. Indeed, Chen et al. (33) reported an association between higher WHtR ratios and higher MSBP and MDBP in 7 year old boys compared to girls. A recent report by Kruger et al. (34) showed that lower WHtR cut-off values (< 41%) are required for the prevention of the metabolic syndrome in black South African adolescents. Using this cut-off point on our data however failed to show any association of WHtR with higher blood pressures especially as only 16% of our participants were below that cut-off value. Dubey et al. (35) demonstrated the role of testosterone in higher blood pressure observed in males compared to age matched non menopausal women which may explain why in this study boys consistently had higher blood pressures than girls. Studies have shown that estrogen and estrogen receptor stimulation are protective of the cardiovascular system thus decreasing the incidence of CVDs (36, 37) .
The current study showed a high prevalence of pre-hypertension and hypertension among adolescent girls and boys. This rise in prevalence of hypertension has been associated with increasing prevalence of overweight and obesity (38) which may have important implications for adolescent CVD health. Although the contribution of increased body fatness to hypertension is still debatable in children, hypertension in childhood or adolescence may trigger an early sequel of CVDs such as atherosclerosis, left ventricular hypertrophy and coronary heart diseases (39-41) leading chronic diseases in adulthood.
The early appearance of hypertension among adolescents in Mthatha suggests a greater susceptibility of these children to CVDs. The association of hypertension with BMI and WC indicates effects which may be attributable to the epidemiological transition with its inherent lifestyle changes tending to favour sedentary living and over-feeding. The prevalence of hypertension and pre-hypertension in our study was very high but comparable to results obtained by Kemp et al. (19) , indicating that South African children may have a greater susceptibility to overweight/ obesity associated raised blood pressure which may persist into adulthood (42) . Results from other developing countries (43, 44) have indicated modest increases in the prevalence of hypertension and pre-hypertension compared to the alarmingly high rates noted in the South African adolescent populations.
CONCLUSION
The present study showed a high prevalence of both pre-hypertension and hypertension in a peri-urban adolescent population which may be predictive of a high incidence of CVDs in the very near future. Urgent intervention strategies to prevent and control hypertension are therefore needed. This may include screening for susceptible adolescents and implementation of school exercise programmes and other activities with may address overweight/ obesity and consequently hypertension.
